Abstract. We investigate the long-term morphological evolution of a tidal channel through 1 a one-dimensional numerical model. We restrict our attention to the case of tide-dominated 2 estuaries, which are usually characterized by a funnel shape, and neglect the effect of 3 intertidal areas and river discharge, imposing a closed boundary at the landward end.
ics on the residual sediment transport is discussed, some 
Formulation of the problem
We investigate the long-term morphological evolu- 
140
The typical funnel shape of the channel is described by 141 an exponentially decreasing function of the longitudinal 142 coordinate x starting from the estuary mouth, as it is 143 commonly assumed by many authors (e.g. Ippen, 1966; 144 Parker, 1991; Friedrichs and Aubrey, 1994; Lanzoni and 145 Seminara, 1998); the width B is then written as:
where L b is the convergence length and B 0 the width at 147 the channel mouth. Note that hereafter the subscript 0
148
indicates quantities at the mouth of the estuary in the 149 initial configuration.
150
Following the standard one-dimensional shallow water 151 approach, the continuity and momentum equations for 152 water flow read:
where t is time, Q the water discharge, A the area of 154 the cross section, H the free surface oscillation and g is 155 gravity; furthermore, the frictional term j is defined as
where k s , the Gauckler-Strickler coefficient, is the inverse
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of the Manning roughness coefficient, R h is the hydraulic 
indicates the flow velocity.
162
The system is forced by a purely sinusoidal semi-
163
diurnal M2 tide at the mouth of the channel,
164
H(t)|x=0 = a0 cos(2π t T0 ) ,
where a0 is the tidal amplitude at the mouth and T0 the 165 tidal period. We note that the role of overtides in forc- (2)-(3).
171
The morphodynamic evolution of the channel is driven 172 by the continuity equation for the sediments which reads:
In (7) p is sediment porosity, q s is the sediment flux per 
where ds is the characteristic particle diameter, ∆ is the 
194
From equation (7) 
In order to evaluate the tidally averaged magnitude of cle; using such expression and averaging equation (8) 
where angle brackets indicate average over a tidal cycle.
218
The condition T b T 0 also allows one to decouple and 219 solve separately the hydrodynamics from the morphody-220 namic problem.
221
The differential system (2) displaying an upward concavity (Figure 2a ).
313
The above behavior, which is typical of short channels, is plotted at the mouth and in the middle of the estuary.
360
The time required to reach the equilibrium configuration of evolution, when the bed is still horizontal (Figure 7 ).
421
The more convergent is the channel, the more the tidal 
438
The morphological evolution of a tidal channel is a di- 
448
The parameters that influence the equilibrium config-449 uration are manyfold. In Figure 9 the effect of the de- length L e , the final configuration is that typical of the X -9
case of short estuary. is the resulting equilibrium length L e (Figure 11 ).
503
We note that the results presented above are not in- 
533
We can observe that steeper slopes are associated with 534 stronger tidal forcing, whereas the effect of the conver-gence degree does not seem to be relevant (Figure 14b ).
536
Also friction has a mild influence and rough channel seem
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to have slightly larger slopes. 
Discussion
The main output of the present work is the recog- by channel convergence (Figure 14a ), while it is much 553 more sensitive to the variation of the tidal forcing (Fig-554 ure 14b). As a result a smaller depth establishes at the 555 mouth ( Figure 9 ) and consequently the channel is shorter 556 when convergence is strong. It is also worth noting that 
where D −η is the tidally averaged depth, f = 
where Dm is the tidally averaged depth at the mouth. 
632
It is worth noting that the qualitative agreement be-
633
tween numerical predictions and field data is satisfactory 634 despite the fact that many estuaries in Table 1 do not sat-635 isfy the assumptions introduced in our idealized model.
636
In particular, some of the estuaries lying farther from the 637 interpolating curve in Figure 15 are known to be partially 
Conclusions
In this work we have investigated the long-term mor- 
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scale required to achieve quasi-equilibrium conditions is 659 fairly long, say of the order of centuries or millennia.
660
The long-term erosion/deposition process is deter- only for the last century [Blott et al., 2006, e.g.] . Table 1 are plotted against the convergence lengths L b : a power law interpolating curve is added in order to point out the overall behavior. Results of the present model (a0 = 2 m, ks = 40 m 1/3 s −1 , see Figure  12 ) are reported with a thick line.
